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Abstract 
Canned meat products are usually protected against C. botulinum by combinations of heat, NaCl and NaNO2. When meat products are reduced 
in NaCl for health reasons, they need a higher heat treatment to maintain same level of protection against C. botulinum. We describe a new tool 
for calculating the F-value, necessary to obtain equivalent safety for canned meat when reduced in NaCl, compared to the original combination 
of aqueous salt and F–value. The tool is valid for combinations of F–values between 0.51 and 3.25 and aqueous salt between 1.66 and 3.54 %. 
The tool is available at http://dmripredict.dk. 
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1. Introduction 
Canned meat products are usually preserved against growth of C. botulinum by combinations of heat, sodium chloride and 
sodium nitrite. In a few cases, other preservatives as lactates or acetates are used, often as sodium compounds. However, during 
the last decade, customers and Health Authorities request a lower amount of NaCl in meat products, due to the negative health 
effects of sodium chloride, especially sodium ion.  
For 2012 and onwards, The UK authorities have set new targets for maximum levels of sodium chloride in canned meat at less 
than 2.0 % sodium chloride (Anon1). Further, they request that % NaCl is analyzed as Na+ instead of measuring Cl-. This means 
that other chemical additives containing Na+ will contribute to the measured Na+. Thus, an incorrect, higher value for percent 
NaCl will be measured, compared to the actual concentration of NaCl. Taking that into consideration, the maximum 
concentration of added NaCl is around 1.7 – 1.8 % in the products, equaling around 2.2 – 2.3% salt in the aqueous phase (aq. 
salt). In Codex Alimentarius Guidelines (Anon2) it is recommended, that canned meat products having aq. salt ≤ 2.5% should be 
given a heat treatment at least equal to F121.1 = 3.0. However, from a quality point of view, this rather high heat treatment, may 
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negatively affect the eating quality of the meat product. In this study, a tool for calculating the necessary heat treatment expressed 
as F121.1 (F-value) for canned luncheon meat, reduced in NaCl was developed. 
 
2. Materials & Methods 
2.1. Bacterial strains and preparation of spore cocktail 
As Clostridium botulinum produces a very potent toxin, these bacteria cannot be used for studies comprising real canned meat 
products produced in the DMRI pilot plant facility. Instead, three surrogate gas-producing strains of the closely related species 
Clostridium sporogenes (C. sporogenes putrefactive 93R, C. sporogenes putrefactive 3679 and C. sporogenes putrefactive 1075) 
were used for spiking the chopped meat during production of the canned luncheon meat.  
The strains were taken from ÷18°C and spiked into 10 ml of TPGY (Tryptone 50 g/l Merck, 211705; Peptone 5 g/l, Merck 
211677; Glucose 4 g/l, Merck 1.08337; Yeast extract 20 g/l, Oxoid LP0021; Na-thioglycollate 1 g/l, Merck 1.06691) and grown 
for 3 - 4 days at 30°C in an anaerobic Jar (Anaerocult A; Merck). Afterwards 1 ml was transferred to a Cooked Meat Medium 
(CMM). Meat pills 30.0 g, Oxoid CM0081; agar 2.24 g, Merck 214010; glucose 0.15 g, Merck 1.08337 was soaked in 150 ml of 
distilled water for 30 minutes at ambient temperature and afterwards autoclaved at 121.0°C for 15 minutes. Immediately prior to 
inoculation, the CMM was covered with 20 ml of sterile distilled water.  
The inoculated CMM was incubated for 12-13 days at 30°C in an anaerobic jar (Anaerocult A, Merck) in order to produce 
spores. Before harvesting the spores, the CMM was examined for spore production by microscopy. The 20 ml was transferred to 
a sterile centrifuge tube and centrifuged at 4°C at 4800 G for 20 minutes. The supernatant was carefully removed, and the pellet 
resuspended in 20 ml of 4°C sterile water (Peck et al3). 
The inoculation cocktail contained 17 ml of spore-suspension from each of the three C. sporogenes strains. After mixing, the 
cocktail was further diluted in 4°C sterile water until the requested number of spores (corresponding to 5.000 or 100 per gram 
product) was obtained in 10 ml of cold sterile water. In order to ensure a homogeneous uptake of spores, the 10 ml of spore 
cocktail was added to the meat mixture during tumbling.  
 
2.2. Preparation of luncheon meat inoculated with C. sporogenes for challenge test 
The luncheon meat was prepared from ham (83%) and a brine consisting of the following: water (13.1-14.6%), gelatine AP15 
(0.35%), glucose (0.17%), sodium ascorbate (0.04%), Sodium penta-Phosphate (0.64%), Sodium nitrite (144 ppm) and NaCl (15 
different levels from 1.2% to 2.7%) corresponding to aqueous salt from 1.66 to 3.54%. The meat was chopped through a kidney 
plate cut with one set of knifes and subsequently passed through a kidney plate on a Wolf chopper. Brine, meat and 10 ml spore 
cocktail were tumbled at maximum vacuum for 3 hours at 6 rpm with 5 min. rotation and 5 min. rest intervals in a Fomaco 
tumbler. 
Afterwards 210 g meat was filled into cans (93 x 47 x 57 mm), sealed and autoclaved in a steam autoclave (Phoenix) at 112°C 
until the requested F-values were obtained (13 different F-values from 0.51 to 3.25). After cooling, the cans were incubated at 
37°C (calibration series) or 25°C (validation series) and visually examined for blown cans at regular intervals for up to 120 days. 
For each combination of aqueous salt and F-value 70 cans were produced.  
 
2.3. Measuring of temperature and calculation of the actual F value 
The temperature was measured using the Tracksense® Pro system (ELLAB A/S, DK) with probes mounted in the center of 
the canned meat product. Four or five probes were used for each autoclave batch dispersed in the four different layers of cans in 
the autoclave. The time in which the temperature was above 98°C was used to calculate the total heat (F-value) for each 
autoclave batch.  
 
2.4. Microbiological determination of spore count/inoculum 
One ml of the spore cocktail was 10 fold diluted in 0.85% saline with 0.1% peptone and 1.00 ml of relevant dilutions were 
pour plated (petri dishes) into RCM agar (Oxoid CM0151) and SFP agar base (Oxoid CM0587) added 50 ml per liter egg yolk 
(Oxoid SR0047). After the agar had solidified, the plates were incubated for 4 and 3 days, respectively, at 30°C in an anaerobic 
jar (Anaerocult A, Merck). The C. sporogenes count was carried out both with a spore-activation step (20 min at 75°C) and 
without this step.  
 
2.5. Chemical analyses. 
For control of the produced luncheon meat products, samples from the raw, cured meat respectively from the autoclaved cans 
were analyzed for NaCl (measured as Cl-), water, sodium nitrite and pH as described in Gunvig et al (4).  
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2.6. Visual inspection of the cans. 
The cans were incubated at 37°C (calibration series) or 25°C (validation 
series) and visually examined for blown cans at regular intervals. Visible 
blown cans have swollen lid due to gas production, lifting the integrated 
“can opener” 2 or 3 mm from the lid (see figure 1). Generally, the cans 
were heavily blown (right can in figure 1). 
 
 
 
Figure 1: Examples of blown cans. Left; control, middle; slightly blown can, right; 
heavily blown can.    
 
 
2.7. Data processing 
For each combination of aqueous salt and F-value, the number of blown cans was converted to a percentage of the total 
incubated cans. The percentage blown cans as a function of days were fittet in MicroFit 1.0. The “time to 50% blown cans” 
(bomb50) were calculated and these values together with aq. salt and F-value were used to develop the model  
It was assumed that the relative shelf life in days (Ds) is a function of F-value (F), aqueous salt in the product (WPS) and 
storage temperature (Ts) of the product after production. Thus, we hypothesized a model of the type  
 
ܦ௦ ൌ ܭ כ ܨ௔ כ ܹܲܵ௕ כ ݂ሺ ௦ܶሻ     ሺͳሻ
where a and b are constants, that are to be determined experimentally, and K is a constant. The function f(Ts) is a factor 
allowing for different storage temperatures after production. Within storage temperatures between 25° and 40°C, it was assumed 
that this function could be approximated with a linear behavior. However, as the storage temperature was constant for each 
product type in the data used for calibration, and the model is only to be used as a predictor of the shelf life relative to a known 
standard product the value of f(Ts) was set equal to 1 for storage temperatures at 37°C. 
Equation 1 is linearized by applying the logarithm, and with f(Ts) = 1 for the calibration data it acquires the form : 

ሺܦ௦ሻ ൌ ሺܭሻ ൅ ܽ כ ሺܨሻ ൅ ܾ כ ሺݓ݌ݏሻ  ሺʹሻ
The data for determining the constants in equation 2 consisted of simultaneously recorded values for bomb50 (representing the 
relative shelf life in days), actual obtained F-values and aqueous salt. A total of 26 experiments were available for calibration, all 
of which had been stored at 37°C.   
PLS regression (Unscrambler ver 9.2, CAMO Norway) was used for determining the parameters K, a and b. The experimental 
values for ln(F) and ln(wps) were used as independent variables and the observed ln(D) as dependent variable.   
For the validation series (n=11) the products had been stored at 25°C resulting in bomb50 times on average being 2.18 times 
greater than the average bomb50 times for the calibration set. In order for the model to be applied on products challenged at 25°C 
the temperature factor f(Ts) had to be determined, The best fit to the average bomb50 values gave: 

݂ሺ ௦ܶሻ ൌ െͲǤͲͻͺ כ ௦ܶ ൅ ͶǤ͸Ͷ     ሺ͵ሻ
 
3. Results 
Based on observed “time to 50% blown cans” for 26 series of luncheon meat having different combinations of aq. salt and F-
value, a tool for prediction of the necessary increase in F-value in NaCl-reduced luncheon meat was developed. The best fitted 
values for a, b and K are: a = 0.200; b = 0.642 and K = 12.01, rendering equation 1 as:

ܦ௦ ൌ ͳʹǤͲͳ כ ܨ଴Ǥଶ଴଴ כ ܹܲܵ଴Ǥ଺ସଶ     ሺͶሻ 
On the validation set (n=11), equation 4 with the storage temperature correction in equation 3 resulted in the F-value 
calculator exhibiting an Accuracy factor = 1.21 and a Bias factor = 1.15, indicating a tendency to over predict (fail safe model). 
The tool is valid for combinations of F–values between 0.51 and 3.25 and aqueous salt between 1.66 and 3.54% (Figure 2).  
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Figure 2: LN of predicted shelf life versus observed. Left: Calibration set (n=26); R2 = 0.75. Right: Validation set (n=11); R2 = 0.96. 
 
Figure 3 shows a curve (full line) for constant “relative shelf life” over necessary F-value versus aqueous salt. Codex 
Alimentarius recommendations are shown in the same plot (dotted line). As the tool is only using the predicted “relative shelf 
life” in comparison to a known standard product, the storage temperature depending factor is not used in the tool. The “F-value 
calculator” is available at http://dmripredict.dk. 
 
 
Figure 3: Example of user interface from the “F-value calculator”. Full red line shows combinations of aqueous salt and F-value having equal 
protection as a meat product with 3.5% aqueous salt, heat treated to F = 0.5.  
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